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How do committed ab T lineage cells undergo rapid proliferation and developmental progression
during b selection? A new study shows that a ribosomal protein, RPL22, promotes the survival of
expanding ab T cells (Anderson et al. [2007]; this issue of Immunity).In this issue of Immunity, Anderson
et al. (2007) identify a ribosomal pro-
tein, RPL22, which promotes ab T
cell development. During b selection,
RPL22 abundance is elevated upon
pre-TCR-mediated signaling. Consis-
tent with the dynamics of RLP22 ex-
pression, ab T cell development in
RPL22-ablated mice is suppressed at
the pre-TCR checkpoint. In contrast,
gd T cell development is only modestly
affected. The developmental block in
developing ab T cells is caused, at
least in part, by decreased cell survival
and mediated by elevated abundance
of p53. These data indicate that ribo-
somal proteins, despite their ubiqui-
tous expression, perform cell-type and
stage-specific activities.
During thymocyte development, two
T cell lineages develop froma common
progenitor that can be distinguished
on the basis of the expression of their
antigen receptors: ab and gd T cells.
ab and gd T cell development is char-
acterized by developmental compart-
ments, which have been defined by
the expression of cell-surface pro-
teins, including CD4 and CD8. Both
ab and gd T cells are derived from pre-
cursor cells that lack CD4 and CD8 ex-
pression, also termed double negative
(DN) cells. The DN-cell stage can be
further subdivided into four compart-
ments based on the expression of two
additional cell-surface markers, CD44
and CD25. The DN1 (CD44CD25)
compartment contains, among other
cell types, the earliest uncommitted
T cell progenitors. T cell specification
begins at the DN2 (CD44+CD25+)
compartment, but commitment is
only completed once cells differentiate
to become DN3 cells (CD44CD25+).TCR b and gd gene rearrangement is
initiated in the DN2 and DN3 compart-
ments. Thymocytes that are commit-
ted to the ab or gd T cell lineage must
pass through a checkpoint in order to
survive and undergo developmental
progression. Committed ab T cells
also undergo extensive proliferation
during b selection. Productive TCRb
gene rearrangement results in the as-
sembly of an antigen-receptor com-
plex, which consists of the TCRb chain
and the pTa chain, as well as compo-
nents of the CD3 complex. Upon
expression of a pre-TCR, ab T cells
proliferate and ultimately develop into
cells that are positive for both CD4
and CD8 expression (von Boehmer
et al., 1998). In contrast, if maturing
progenitor thymocytes express a gd
TCR, commitment to the gd T cell line-
age will be initiated. Thymocytes that
fail to undergo a functional rearrange-
ment will undergo cell death. Pre-
TCR signals act in concert with Notch
signaling to generate the ab T cell line-
age. Strong signaling mediated by the
gd TCR in the absence of Notch signal-
ing promotes a gd T cell fate (Taghon
et al., 2006; Garbe et al., 2006). How
these two signaling pathways estab-
lish either ab or gd T specific programs
of gene expression remains to be de-
termined.
In this issue of Immunity, the gene
product RPL22 is described as being
essential to generate ab T cells but ap-
pears to play a minor role in the devel-
opment of gd T cells. How does loss of
a ribosomal protein selectively impair
ab T cell maturation? RPL22 is a sub-
unit of the 60S large ribosomal com-
plex and is associated with rRNA,
both in the nucleolus and in the cyto-Immunitplasm. Although it is a component of
the 60S ribosomal complex, RPL22
is not required for protein synthesis
in vitro, and RPL22-deficient mice do
not showgrossabnormalities in growth
rate and size. With the exception of the
lymphoid-cell lineages, developmental
abnormalities in RPL22-ablated mice
were not observed. Thus, it seems
that RPL22 is not absolutely required
for protein synthesis in the majority of
tissues.
The absolute requirement for RPL22
for developmental progression be-
yond the pre-TCR checkpoint raises
the possibility that RPL22 acts to
regulate pre-TCR-mediated signaling.
However, the investigators demon-
strate that the arrest in developmental
progression is not caused by defects
in components of the pre-TCR signal-
ing complex. How then is b selection
perturbed in RPL22-ablated mice?
RPL22 expression is induced upon
pre-TCR-mediated signaling and it is
conceivable that RPL22 acts during
b selection to increase the rate of
protein synthesis in rapidly expanding
ab T cells (Figure 1). Indeed, a modest
decline in overall protein synthesis
was observed in anti-CD3-treated
RPL22;RAG2-ablated thymocytes. In
contrast to an overall decrease in pro-
tein synthesis, p53 abundance was in-
creased in RPL22-deficient ab T cells,
and this resulted in substantial apo-
ptosis (Figure 1).
How are p53 levels selectively ele-
vated by a deficiency in RPL22 during
T lineage maturation? RPL22 acts in
expanding ab T cells to promote pro-
tein synthesis. Because committed
ab T cells are rapidly expanding upon
pre-TCR-mediated signaling, they arey 26, June 2007 ª2007 Elsevier Inc. 751
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Previewssensitive to the availability of ribo-
somes. Emerging data have indicated
that ribosome biogenesis is linked to
cell-cycle progression and cell survival
by regulation of p53 activity (Zhang
et al., 2006). Actinomycin D, which
has the ability to inhibit RNA polymer-
ase I, interferes with rRNA synthesis
and ribosome assembly. In response
to ribosomal perturbation by actino-
mycin D, ribosomal protein L23 has
been shown to inhibit MDM2 activity
(Dai et al., 2004). MDM2 is a Ring-
finger protein containing E3 ubiquitin
ligase, which acts to initiate the degra-
dation of p53. Thus, abnormalities in
ribosome assembly can lead to ele-
vated levels of p53, promoting either
cell-cycle arrest or apoptosis. It seems
plausible that a deficiency in RPL22
also would result in improper ribosome
assembly during b selection. Thus,
Figure 1. Regulation of RLP22 and p53
by pre-TCR-Mediated Signaling
In emerging ab T cells, RLP22 expression is
activated upon pre-TCR-mediated signaling.
In contrast, p53 activity is inhibited by signals
emanated from the pre-TCR. Decreased abun-
dance of RLP22 result in elevated abundance
of p53, which in turn, promote the apoptosis
of expanding ab T cells.752 Immunity 26, June 2007 ª2007 Elseperturbation in ribosomal biogenesis
in RPL22-ablated thymocytes may el-
evate p53 abundance through the in-
duction of another ribosomal protein,
L23. However, the data provided by
the investigators argue against such
a scenario, because the half-life of
p53 in RPL22-deficient thymocytes is
similar to that of wild-type thymocytes.
Alternatively, the rateofp53proteinsyn-
thesis might be enhanced by RPL22
ablation, as suggested by pulse-label-
ing experiments. This seems to be a
possible mechanism, but it implies
that whereas the overall rate of transla-
tion is lowered, the rate of p53 protein
synthesis is increased in RPL22-
ablated thymocytes. Clearly, more
studies are required to determine the
precise mechanism by which RPL22
affects p53 abundance in proliferating
ab T cells.
Does RPL22 play a role in the devel-
opment of other lymphoid-cell line-
ages? gd T cells do not undergo exten-
sive cellular expansion as compared
to ab T cells (Taghon et al., 2006).
gd T cell development is only modestly
affected in RPL22-deficient mice. It
seems likely that the selective require-
ments for RPL22 in ab T cell but not gd
T cell development reflects differences
in cellular expansion in cells express-
ing either a pre-TCR or gd TCR. Al-
though not emphasized by the investi-
gators, B cell development beyond the
pre-BCR checkpoint in the bone mar-
row is affected in RPL22 null mutant
mice. It is not surprising that B cell de-
velopment during the pre-BCR check-
point is also sensitive to the dosage of
RPL22. Similarly as described for ab T
cells, large pre-B cells expressing
a pre-BCR undergo substantial and
rapid proliferation. Cellular expansion
in large cycling pre-B cells requires
an increase in ribosome biogenesis,
and a role for RPL22 during this expan-
sion phase is not unexpected. It will be
of interest to determine whether, invier Inc.RPL22-deficient mice, B cell develop-
ment is perturbed as well by elevated
p53 expression.
RPL22 may also act during other
checkpoints in lymphoid develop-
ment. For example, during the germi-
nal-center reaction, cells are undergo-
ing rapid cellular expansion, and it
seems plausible that RPL22-deficient
mice may not have the ability to form
germinal centers upon pathogenic
stimulation. Furthermore, plasma cells
are extremely sensitive to the availabil-
ity of ribosomes, and it could very well
be that RPL22 plays a critical role in
the development and homeostasis of
plasma cells.
Taken together, the studies pre-
sented here show that rapidly expand-
ing lymphoid populations require the
activity of RPL22. It will be of substan-
tial interest to determine how ribo-
some biogenesis is mechanistically
linked to the proliferation and survival
of developing lymphocytes.
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